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Background on matchedBackground on matched--field source field source 
localizationlocalization

MatchedMatched--field conceptfield concept
Typical performance behaviorsTypical performance behaviors
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Weakly coupled parameterWeakly coupled parameter
Strongly coupled parameterStrongly coupled parameter
Mutual coupling between environmental parametersMutual coupling between environmental parameters

CramerCramer--RaoRao bound criterion for acoustic bound criterion for acoustic 
parameterizationparameterization

Strategy for the Uncertainty DRIStrategy for the Uncertainty DRI
SystemSystem--orthogonal function for sound velocity orthogonal function for sound velocity 
profile uncertaintyprofile uncertainty

Demonstration exampleDemonstration example



MatchedMatched--field parameter estimation works by field parameter estimation works by 
matching the measured signal field with the matching the measured signal field with the 

modeled fullmodeled full--field replicafield replica
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MatchedMatched--field performance often shows a strong field performance often shows a strong 
sensitivity to environmental uncertainty/mismatch sensitivity to environmental uncertainty/mismatch 

as well as a threshold behavior due to the as well as a threshold behavior due to the 
ambiguity ambiguity sidelobesidelobe effect effect 

Performance analysis toolsPerformance analysis tools
Statistical data modelStatistical data model
MeanMean--square error boundsquare error bound
CramerCramer--RaoRao boundbound

Good at high signalGood at high signal--toto--noise noise 
ratio (SNR)ratio (SNR)

ZivZiv--ZakaiZakai boundbound
Good at all Good at all SNRsSNRs
Computationally intensiveComputationally intensive

Modified Modified ZivZiv--ZakaiZakai bound (bound (XuXu
and and BaggeroerBaggeroer))

Include the mismatch effectInclude the mismatch effect
Bayesian frameworkBayesian framework

Random parametersRandom parameters
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Environmental uncertainty can be included as a Environmental uncertainty can be included as a 
random parameter set estimated together with the random parameter set estimated together with the 

source parameterssource parameters

Effects of adding additional parameters depend on the Effects of adding additional parameters depend on the 
parameter couplingparameter coupling
Parameter coupling describes how the error in the Parameter coupling describes how the error in the 
estimation of one parameter correlates with the error in estimation of one parameter correlates with the error in 
the estimation of another parameterthe estimation of another parameter
Typical tools analyzing the couplingTypical tools analyzing the coupling

MainlobeMainlobe shape of the ambiguity functionshape of the ambiguity function
CramerCramer--RaoRao error covariance matrixerror covariance matrix
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ParameterParameter--dependences of the acoustic field often dependences of the acoustic field often 
demonstrate strong mutual coupling due to the demonstrate strong mutual coupling due to the 

underlying physicsunderlying physics
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Adding a weakly coupled parameter doesn’t degrade Adding a weakly coupled parameter doesn’t degrade 
the highthe high--SNR performance but could increase the SNR performance but could increase the 

threshold SNR due to the added threshold SNR due to the added sidelobesidelobe ambiguityambiguity
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Adding a strongly coupled parameter degrades the Adding a strongly coupled parameter degrades the 
highhigh--SNR performance due to the added mainlobe SNR performance due to the added mainlobe 
ambiguity but the sidelobe threshold may not be ambiguity but the sidelobe threshold may not be 

increasedincreased
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A compact set of environmental parameters, mutually A compact set of environmental parameters, mutually 
decoupled but coupled to source localization is desired decoupled but coupled to source localization is desired 

for the Uncertainty DRIfor the Uncertainty DRI

Ignoring the environmental uncertainty could introduce significaIgnoring the environmental uncertainty could introduce significant nt 
environmental mismatch, and thus serious bias in source localizaenvironmental mismatch, and thus serious bias in source localizationtion

AREA is to improve sonar performance prediction by capturing AREA is to improve sonar performance prediction by capturing 
dominant environmental uncertainty under operational constraintsdominant environmental uncertainty under operational constraints

Exploit the coupling between the environmental parameter set andExploit the coupling between the environmental parameter set and the the 
source parameter setsource parameter set

System responseSystem response--decoupled environmental representation is desired:decoupled environmental representation is desired:
Reduce the degrees of freedomReduce the degrees of freedom
Make possible investigation of the relative significance of the Make possible investigation of the relative significance of the 
individual parametersindividual parameters
Simplify the design of optimal adaptive sampling of environmentSimplify the design of optimal adaptive sampling of environment

CramerCramer--RaoRao bound matrix provides a framework to develop acoustic bound matrix provides a framework to develop acoustic 
parameterization for the Uncertainty DRIparameterization for the Uncertainty DRI



A new set of A new set of orthonormalorthonormal functions representing functions representing 
the sound velocity uncertainty and decoupling the the sound velocity uncertainty and decoupling the 

expansion coefficients in system response has expansion coefficients in system response has 
been derived been derived 

Source range estimation with sound velocity profile uncertaintySource range estimation with sound velocity profile uncertainty
Range: r; Depth: zRange: r; Depth: z
SVP:SVP:

c(zc(z) =) = cc00(z) + (z) + ΣΣ ggll ψψll(z(z))
cc00(z): (z): mean profilemean profile
ψψll(z(z): ): arbitrary arbitrary orthonormalorthonormal basisbasis
gg={g={g11,,……,,ggLL}:}: coefficientscoefficients
Covariance matrix: Covariance matrix: RRcc

Traditional Traditional EOFsEOFs are decoupled in regard to the SVP statistics but coupled in reare decoupled in regard to the SVP statistics but coupled in regard gard 
to system responseto system response
Densely populated array spanning the entire water column + PertuDensely populated array spanning the entire water column + Perturbation rbation 
approximation + Random Gaussian signal modelapproximation + Random Gaussian signal model
CRB matrixCRB matrix

Robust algorithm: Robust algorithm: CRBCRBggrr --> > 00
AREA: AREA: CRBCRBggrr --> > 1 1 
Decoupled parameter set:Decoupled parameter set: CRBCRBgggg is diagonalis diagonal
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The new set of systemThe new set of system--orthogonal basis functions orthogonal basis functions 
depends on the statistics of the sound speed depends on the statistics of the sound speed 

uncertainty, the sound waveguide propagation uncertainty, the sound waveguide propagation 
property, and the SNR in measurements property, and the SNR in measurements 

Isovelocity channel + Shelf Break Primer SVP statistics (Gopu PoIsovelocity channel + Shelf Break Primer SVP statistics (Gopu Potty tty et alet al., 2000)., 2000)

CRB matrix for the first 6 SVP coefficients
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AREA AREA -- MIT DRI MIT DRI 
Future Research PlanFuture Research Plan

Continue to develop optimal acoustic parameterizationContinue to develop optimal acoustic parameterization
Further derivation based on the CRB matrixFurther derivation based on the CRB matrix
Generalization to rangeGeneralization to range--dependent scenariosdependent scenarios
Volumetric distributed arrayVolumetric distributed array
ApplicationsApplications

AREA system concept simulationAREA system concept simulation
Continue to develop consistent Acoustic Data Continue to develop consistent Acoustic Data 
Assimilation (ADA) concept in collaboration with HOPS Assimilation (ADA) concept in collaboration with HOPS 
teamteam
Perform Perform OSSEsOSSEs in collaboration with other DRI teamsin collaboration with other DRI teams

44--D HOPS forecasts from PRIMER and ASCOT01 D HOPS forecasts from PRIMER and ASCOT01 
experimentsexperiments
Geophysical databases and inGeophysical databases and in--situ measurementssitu measurements
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